Introduction
Nutrition counseling is a cornerstone of prenatal care for all women during pregnancy. A woman's nutritional status not only influences her health, but also pregnancy outcomes and the health of her fetus-neonate. Physicians and other healthcare providers need to be cognizant of nutritional needs during pregnancy, as they differ significantly compared to non-pregnant populations. Furthermore, an individualized approach to nutritional counseling that considers a woman's access to food, socioeconomic status, race-ethnicity and cultural food choices, and body mass index (BMI) is recommended. In addition, many of the recommendations are geared for uncomplicated pregnancies, so adjustments need to be made when complications, such as gestational diabetes, arise. A nutritionist or registered dietitian can help facilitate dietary counseling and interventions. In this chapter, the maternal physiological adaptations as well as macronutrient and micronutrient requirements during pregnancy and lactation will be reviewed. Other discussions on these topics will include multiple gestations, obesity in pregnancy, pregnancies after bariatric surgery, special diets, and common exposures during pregnancy. supplementation during pregnancy, there is no high quality evidence demonstrating that all women require the increased levels of nutrients in a prenatal vitamin.
Folic acid is the synthetic form of the naturally occurring B vitamin, folate. Folic acid is the form used in most vitamin supplements and food fortification. As mandated by the Food and Drug Administration, commonly fortified foods include bread, cereal, and pasta. Folate-rich food sources are citrus fruits, dark-green leafy vegetables, nuts, and liver. Folate requirements increase during pregnancy as a result of rapidly dividing cells related to fetal growth. Notably, folic acid supplements (400-800μg daily) taken prior to conception can reduce the risk for neural tube defects in the fetus. 4 Since the FDA mandate, blood folate levels have increased and neural tube defects have declined. 4 In order to reduce the risk for neural tube defects in their offspring, women are recommended to take folic acid from fortified food or supplements daily in addition to consuming a diet rich in food sources of folate. 5 Women with a history of a neural tube defect in a prior pregnancy should take a higher dose (4mg) of folic acid daily for subsequent pregnancies. Deficiencies in folate have been associated with megaloblastic anemia in pregnancy, though not with other pregnancy outcomes such as preterm birth or stillbirths. 6 Iron supplements have routinely been recommended in pregnancy because iron needs nearly double during pregnancy. A standard prenatal vitamin contains 27 mg of elemental iron. Vitamin C supplements can assist with iron absorption, whereas milk and tea can inhibit iron supplementation. Women with iron deficiency, defined by a ferritin level <15 μg/L, can increase their hemoglobin by 2 g/dL over a one month period with a daily replacement of 60-120 mg of elemental iron. Common side effects of iron, such as stomach pain, constipation, nausea, and vomiting are often reasons why women are not compliant with iron supplementation. Iron-rich foods include red meat, pork, fish, and eggs.
Vitamin D is a fat-soluble vitamin that is primarily found in fortified milk or juice; natural sources include eggs and fish such as salmon. The skin also manufactures vitamin D when it is exposed to sunlight. Regardless of the source -oral ingestion vs. skin absorption -further processing in the liver and then the kidney is required to create the active form, 1,25-dihydroxyvitamin D, which promotes calcium absorption from the intestines and thereby allows appropriate bone mineralization and growth. Vitamin D deficiency is common in pregnancy, especially in high-risk groups such as vegetarians, women who live in cold climates, and ethnic minority women with darker skin. Severe vitamin D deficiency has been associated with congenital rickets and fractures, but this is less common in the United States. While Vitamin D levels can be measured via a serum level of 25-hydroxy vitamin D, an optimal level during pregnancy has not been established. Furthermore, there is insufficient evidence to recommend screening all pregnant women for vitamin D deficiency. If vitamin D deficiency is discovered during pregnancy, then supplements (1000-2000 IU per day) can be given. 7 In addition, routine vitamin D supplementation during pregnancy to prevent preeclampsia is also not recommended. 8 Vitamin A is essential for cell differentiation and proliferation as well as development of the spine, heart, eyes, and ears. Offspring of mothers with vitamin A deficiency, which is rare in the United States, have a higher mortality rate, which may be associated with decreased immune function. Although most micronutrients have a wide safety margin with little concern for teratogenic effects, vitamin A is one exception. 9 Excessive doses of Vitamin A (>10,000 IU/day) have been associated with cranial-facial (face, palate, ears) and cardiac birth defects. The maximal supplement in pregnancy is 8000 IU/day. It is the retinol form of Vitamin A that is associated with teratogenic effects, not the carotenoid version found in food sources such as carrots.
Studies regarding the risks and benefits of fish during pregnancy can often seem contradictory. 10 This is in part due to that that most fish contain competing benefits and risks in the forms of omega-3 fatty acids and mercury. 11, 12 Omega-3 fatty acids are critical for fetal brain development and have been associated with improved vision in preterm infants, as well as better cardiovascular health later in life. 13 Higher mercury levels in children, however, have been associated with deficits in memory, learning, and behavior. 14 Ideally, pregnant women would consume those fish that are low in mercury and high in omega-3 fatty acids such as salmon, sardines, and anchovies. (Table 4 ) High mercury fish such as shark, swordfish, tilefish, and king mackerel should be avoided. The Federal Drug Administration (FDA) and the Environmental Protection Agency (EPA) websites offer information regarding local fish and their mercury content. 15 Available data suggest that fish-oil supplements do not confer the same health benefits as consumption of the actual fish. 16 
Gestational Weight Gain
Pregnancy has traditionally been considered a time for weight gain, not weight loss. The obligatory weight gain during pregnancy is approximately 8 kg which accounts for the fetus, the placenta, amniotic fluid volume, and adaptations to maternal tissues (e.g., uterus, breast, blood volume). A weight gain less than this amount implies that existing maternal adipose and protein stores would be mobilized in order to support the pregnancy. Metabolic changes of women who lose weight during pregnancy are not well-described, but ketonemia, increased urinary nitrogen excretion, and decreased gluconeogenic amino acid production result after a period of fasting during pregnancy. 17 Pregnancy is often considered a time of "accelerated starvation" due to the increase in insulin resistance, with an increased risk for developing ketonuria and ketonemia. 18 This physiologic change is important to consider in the setting of weight loss during pregnancy because maternal ketonemia or ketonuria may subsequently be associated with abnormal fetal growth or later neurocognitive development. [19] [20] [21] A woman's pre-pregnancy BMI determines the total amount of weight gain and rate of weight gain during pregnancy (Table 5) . 22 Of note, the gestational weight gain guidelines that IOM published in 2009 differ from their original 1990 recommendations in that women with a pre-pregnancy BMI ≥ 30kg/m 2 should gain 5-9 kg or 11-20 pounds during pregnancy. 22, 23 Women who are overweight or have obesity have lower ranges for recommended total gestational weight gain compared to normal-weight women, yet >50% of all women exceed the gestational weight gain recommendations. 24 The IOM 2009 guidelines also recommend that women should conceive at a normal weight so as to achieve optimal maternal and neonatal outcomes. 22 One study found that women who gain weight in the appropriate range for their BMI during pregnancy have fewer adverse perinatal outcomes than those gaining above the described thresholds. 25 
Special considerations
Multiple gestations-In twins, the maternal metabolic rate is approximately 10% greater than in singletons. 26 Furthermore, the physiological changes in a singleton pregnancy are exacerbated in multiple gestations. This includes an increase in plasma volume which results in further decreases in hemoglobin, albumin, and water soluble vitamins. 27 There are no standardized nutritional guidelines for multiple gestations, but they have been inferred from singletons. One recommendation for macronutrient composition is 20% protein, 40% fat, and 40% carbohydrates. 28, 29 It is estimated that a 40% higher-calorie diet may maintain a woman's nutritional state during a twin pregnancy. Rates of iron deficiency anemia are 2.4-4 times higher in twins than in singletons. 28 Anemia due to folate deficiency is 8 times more common in twins compared to singletons. 27 As such, a 1 mg folic acid daily supplement has been recommended for twin gestations. 30 Some experts recommend 1000IU of vitamin D and 2000-2500mg/d of calcium daily for twins. 28 Multiple gestations have a higher risk of complications such as premature birth and low birth weight. The IOM 2009 guidelines for gestational weight gain in twin gestations are presented in Table 6 . Of note, these guidelines are considered provisional, as the evidence to support them is not as strong as it is for singletons. Interestingly, a weight gain of 24 pounds by 24 weeks has been associated with higher rates of birth weights >2500g. 31, 32 Evidence for nutritional management of higher order multiples (triplets, quadruplets, etc.) is lacking, but they can be managed similarly to twin gestations.
Obesity-The
World Health Organization and the National Institutes of Health define normal weight as a BMI of 18.5-24.9 kg/m 2 , overweight as a BMI of 25-29.9 kg/m 2 , and obesity as a BMI of 30 kg/m 2 or greater. Obesity is further categorized by BMI into Class I (30-34.9 kg/m 2 ), Class II (35-39.9 kg/m 2 ), and Class III or extreme obesity (≥ 40 kg/ m 2 ). 33, 34 Trends in adult weight over the past couple of decades highlight the escalating role that obesity plays in women's health; 31.8% of reproductive age women (20-39 years) had obesity in 2011-2012. 35 Women with a higher pre-pregnancy BMI have a greater risk for adverse perinatal outcomes. 36, 37 These include both maternal complications such as gestational diabetes, pregnancy-related hypertension, and cesarean deliveries along with adverse fetal effects such as birth defects, stillbirth, and abnormal fetal growth. (Table 7) As such, weight loss prior to pregnancy is strongly recommended in order to reduce the risk of these complications. 38 Guidelines for the management of obesity during pregnancy differ among countries; those practices endorsed by the American Congress of Obstetricians and Gynecologists are listed below: 38
•
Gestational weight gain recommendations should be individualized by the BMI at the first prenatal visit and based on the IOM 2009 guidelines (11-20 pounds).
• Early screening for glucose intolerance (gestational diabetes or overt diabetes) is recommended. If the initial early diabetes screening result is negative, a repeat diabetes screening generally is performed at 24-28 weeks of gestation.
• Behavioral interventions employing changes to diet and exercise can improve postpartum weight reduction in contrast to exercise alone.
With respect to health behavior interventions, randomized and non-randomized studies of interventions to promote optimal gestational weight gain have emphasized combinations of dietary counseling, weight monitoring, and exercise programs. Although a few studies have shown a reduction in gestational weight gain for women with obesity after exposure to a health behavior intervention, the majority have found no benefit. For example, in one study in which women were randomized to a low glycemic index diet, the majority of women with obesity exceeded the gestational weight gain goals regardless of the study arm (57% control vs. 60% intervention, p=0.8). 39 When the results of multiple studies have been examined cumulatively in meta-analyses, the interventions for women who are overweight or obese have been shown to have moderate or no influence at all on gestational weight gain or other perinatal outcomes. [40] [41] [42] [43] [44] Further research is indicated to determine how to promote adherence to gestational weight gain guidelines with health behavior interventions. Another concern is the influence maternal obesity has on childhood weight, resulting in a propagation of the cycle of obesity. It is likely that environmental and epigenetic influences and not just genetic mechanisms play a role in the obesity epidemic. Several theories suggest that in utero nutrition may impact chronic diseases such as diabetes, hypertension, and other metabolic diseases later in life in the offspring. 45, 46 As this research continues to evolve, clinicians should consider that maternal nutrition during pregnancy may have life-long consequences for the offspring.
Pregnancy after bariatric surgery
Pregnancy after bariatric surgery is not uncommon as fertility often improves after a bariatric surgery procedure. [47] [48] [49] Given that bariatric procedures can create deficiencies of micro-and macronutrients, a pregnancy occurring after a bariatric surgery procedure requires particular attention to nutritional status. As stated previously, requirements for calories, vitamins, and minerals increase during pregnancy, so nutritional deficiencies in the bariatric surgery patient can be exacerbated during pregnancy. The most common deficiencies that occur after bariatric surgery are vitamin B 12 , folate, and iron. 50 Because malabsorptive procedures (e.g., Roux-en-y gastric bypass [RYGB], biliopancreatic diversion) have a higher risk for nutritional deficiencies, closer surveillance in pregnancies that occur after these types of surgeries is appropriate. 51 However, derangements in nutrients can also occur after restrictive-type procedures (e.g., laparoscopic adjustable gastric banding), so it may be reasonable to screen all women who are pregnant post-bariatric surgery for nutritional deficiencies. 52 Guidelines for screening and management of nutritional deficiencies during pregnancy are adapted from those designed for non-pregnant states and include laboratory testing once a trimester or every 3 months if the levels are normal (Table 8) . 53, 54 Iron deficiency anemia is frequently a long-term complication of bariatric surgery, occurring in 6% to 50% of patients after RYGB. [55] [56] [57] [58] In pregnancies after bariatric surgery, iron deficiency anemia can be diagnosed in the usual manner with a low mean corpuscular volume, and abnormal iron studies (e.g., low serum iron, high total ironbinding capacity, and a low serum ferritin) keeping in mind the physiologic anemia that occurs during pregnancy ( Table 1) . Treatment of vitamin and mineral deficiencies during pregnancy, in terms of dose and duration, is similar to that of non-pregnant states.
Eating disorders
For women with either a history of or current eating disorder (e.g., anorexia nervosa, bulimia), additional questions regarding their weight should be asked including how they feel about weight gain, being weighed at every prenatal visit (which is customary in prenatal care practices in the United States), and the ongoing changes in their body. 59 With respect to weighing, a woman's preference about weighing (i.e., whether or not she prefers to see the numbers) should be assessed and documented in the chart. Counseling on gestational weight gain goals is still important for these women as weight influences the growth and development of the fetus. Similar to management prior to pregnancy, a collaborative team of experts in eating disorders should continue to manage and treat these women during the pregnancy.
Vegetarians
There are varying types of vegetarian diets such as ovolactovegetarian (includes dairy and egg products), ovovegetarian (includes eggs), lactovegetarian (includes dairy products), and vegan (excludes eggs, dairy, and any other animal products). Alternative protein sources for these women include beans, peas, soy, nuts, nut butter, and milk and egg products. Minerals that may be deficient in their diets include iron, calcium, zinc, and vitamin B 12 . Laboratory testing for these specific nutrients may be indicated.
Common Exposures
Historically, pregnant women were advised to abstain from caffeine. However, those earlier studies that demonstrated an increased risk of adverse obstetric outcomes such as miscarriage, poor fetal growth, and stillbirth were subject to substantial bias. 60 Additionally, the risk of those outcomes occurring generally increased with fairly substantive doses of caffeine, such as greater than 4 cups of coffee a day. 61,62 Most current research suggests that smaller amounts of caffeine intake, less than 200-300mg daily, are not associated with increased perinatal risk.
It is particularly important that general food safety precautions such as ensuring meat and dairy-containing foods are appropriately refrigerated are followed during pregnancy because pregnant women are more susceptible to the effects of infections from certain microorganisms. Ensuring foods are pasteurized and/or appropriately cooked can lower the risk of acquiring infections such as Listeria and Toxoplasmosis. Listerial infections are associated with increased risk for pregnancy complications such as preterm delivery and stillbirth. 63 Toxoplasmosis infections can result in ventriculomegaly and other fetal-neonatal complications. 64 Wearing gloves when gardening may also reduce the risk of exposure to toxoplasmosis. 65 While current recommendations from professional organizations do not recommend universal screening for lead exposure, risk assessment should be performed at the first prenatal visit and testing of lead levels performed if any risk factors are identified. High lead levels have been associated with a greater risk of obstetric complications such as miscarriage, poor fetal growth, and neurodevelopmental impairment. 66 
LACTATION Physiology and Production
Breastfeeding and breast milk are the global standard for infant feeding. The World Health Organization, the U.S. Surgeon General, the American Academy of Pediatrics, the American Congress of Obstetricians and Gynecologists, the American Academy of Family Practice, and the Academy of Breastfeeding Medicine all support this statement. The American Academy of Pediatrics further recommends exclusive breastfeeding for the first 6 months and breastfeeding at least through the first year of life. 67 Similar to pregnancy, energy and nutritional requirements also differ during lactation and breastfeeding.
Women who breastfeed require approximately 500 additional kcal/day beyond what is recommended for non-pregnant women. 68 The estimate is derived from the mean volume of breast milk produced per day (mean 780 mL, range 450-1200 mL) and the energy content of milk (67 kcal/100 mL). 69 During pregnancy, most women store an extra 2 to 5 kg (19,000 to 48,000 kcal) in tissue, mainly as fat, in physiologic preparation for lactation. If women do not consume the extra calories, then body stores are used to maintain lactation. It is not unusual for lactating women to lose 0.5-1.0 kg/month after the first postpartum month. 70 There are even less evidence-based recommendations for nutrient intake during breastfeeding compared to pregnancy. Lactation is considered successful when the breast-fed infant is gaining an appropriate amount of weight. The recommended daily allowance for protein during lactation is an additional 25 g/day. Requirements of many micronutrients increase compared to pregnancy, with the exception of vitamins D and K, calcium, fluoride, magnesium, and phosphorus. As such, it is recommended that women to continue to take a prenatal vitamin daily while they are breastfeeding (Tables 2,3 ). Weight loss during lactation does not usually impact the quantity or quality of breast milk, but maternal deficiencies in magnesium, vitamin B 6 , folate, calcium, and zinc have been described during lactation. 69, 71 Both fat (vitamins A, D, K) and water-soluble vitamins (vitamins C, B 1 , B 6 , B 12 , and folate) are secreted into breast milk and their levels are reduced in breast milk when there is a maternal vitamin deficiency. [72] [73] [74] Fortunately, these vitamin deficiencies in breast milk respond to maternal supplementation. On the other hand, calcium, phosphorus, and magnesium levels in breast milk are independent of maternal serum levels and diet. 75 Maternal factors such as stress, anxiety, and smoking can decrease milk production, but the quantitative and caloric value of breast milk does not change with dieting and exercise. [76] [77] [78] [79] [80] [81] [82] [83] Moreover, a woman's weight, BMI, body fat percentage, and weight gain during pregnancy do not influence milk production. [84] [85] [86] Special Considerations
Multiple Gestations-Approximately 40-90% of mothers of twins initiate breastfeeding. 87 The production of milk is primarily determined by infant demand rather than the maternal capacity to lactate. As such, for women attempting to breastfeed twins and triplets, the supply will meet the demand. Continuation of micronutrient supplementations given antenatally in the form of a prenatal vitamin is appropriate for women who are breastfeeding twins. Twins can breastfeed either simultaneously or separately.
Obesity-Several studies have demonstrated that women with obesity have decreased rates of initiating breastfeeding and breastfeed for shorter durations compared to normal weight women. 88 Biological (i.e. delayed lactation), psychological (i.e., embarrassment related to body size and difficulty in breastfeeding discreetly), mechanical (i.e., larger breasts and nipples that create difficulties with latching), and medical (i.e., cesarean deliveries, diabetes, thyroid dysfunction) factors have been theorized to explain these findings, but the exact etiology is likely a combination of factors. To combat this trend and increase the likelihood that women with obesity attain their breastfeeding goals, they need additional support and encouragement to breastfeed, including assistance with appropriate latching techniques and demonstration of appropriate infant positions, to aid with initiation and continuation of lactation.
Bariatric surgery-Women who have had bariatric surgery are also advised to follow the recommendation of breastfeeding for at least 6 months. Laboratory evaluation of micronutrient levels, as described in Table 8 for pregnant women, is also recommended for breastfeeding women after bariatric surgery, with one group suggesting they be tested as frequently as every 3 months. 89 The infant's provider also should be aware of the mother's history of bariatric surgery as well as any of her specific dietary restrictions or identified nutrient deficiencies. For women who have a gastric banding procedure, one recommendation is to keep the band deflated until the successful establishment of breastfeeding. 90 Though few studies have evaluated the nutritional content of breast milk produced by lactating women after bariatric surgery, it is likely similar to other women. While infants who are born to women with obesity have a higher rate of early childhood obesity, this may be offset by the reduced risk of early childhood obesity in infants who are predominantly breastfed. [91] [92] [93] Vegetarians-Recommended dietary guidelines for vegetarians during lactation are lacking. Vitamin D supplements are recommended for women who do not drink milk or other food fortified with vitamin D. A vitamin B 12 supplement (2.6 μg/d) is also recommended for women who consume ovolactovegetarian and vegan diets. 94 Another recommendation is to consume 1200-1500 mg/day of calcium because of the possible decreased intake and absorption from a plant-based diet. 95 The FDA recommends similar precautions regarding avoiding higher mercury fish during lactation. Adverse neonatal effects have not been demonstrated with ordinary maternal fish consumption during breastfeeding. Summary and Future Considerations-Nutrition counseling is a cornerstone of prenatal care for all women during pregnancy and it also extends to lactation. Clinicians should be aware of the physiological adaptations that occur during pregnancy and lactation and how these changes influence the nutritional needs of pregnant and lactating women. One area of research that would assist providers and women in meeting their nutritional requirements and gestational weight gain goals is the measurement of diet and physical activity that is specific to pregnancy. Effective interventions that target health behaviors are Kominiarek and Rajan Page 10 also needed to improve a woman's nutritional status and assist her in meeting the gestational weight gain goals.
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Synopsis
The nutritional status of a woman during pregnancy and lactation is not only critical for her health, but for future generations. While a nutritionist or registered dietitian can help facilitate dietary counseling and interventions, physicians also need to be cognizant of nutritional needs during pregnancy, as they differ significantly compared to non-pregnant populations. Furthermore, an individualized approach to nutritional counseling that considers a woman's nutritional status and body mass index is recommended. Kominiarek 
